A B S T R A C T The response of lymphocytes from young and old persons to phytohemagglutinin, pokeweed mitogen, or allogeneic lymphocytes has been measured. Lymphocytes from old persons incorporated significantly less tritiated thymidine as compared with lymphocytes from young persons when cultured with plant mitogens or allogeneic cells. The difference in observed lymphocyte reactivity could not be attributed to differences in culture conditions required for maximal transformation of lymphocytes from old or young subjects. The same percentage of thymus-derived and bone marrow-derived lymphocytes was found in the blood from old and young persons. The relationship of these findings to the decline of immunologic competence with age is discussed.
INTRODUCTION
The concept of immune surveillance suggests that the growth of neoplasms may reflect a failure of cell-mediated immunity. As the occurrence of cancer increases with age from an incidence of 13/100,000 persons at age 15 yr to 3,000/100,000 persons at age 90 (1) , this hypothesis implies that cellular immune responses should decline with age. We have tested this prediction by comparing several parameters of immunological competence in persons less than 40 yr old and in persons over 75 yr old. The lymphocyte response to plant mitogens and allogeneic cells has been measured. Our results show that the response of lymphocytes from old persons to allogeneic lymphocytes and to plant mitogens is depressed compared with the response of lymphocytes from young persons. phocytes in culture. Most of the older subjects had arteriosclerotic cardiovascular disease. None of the subjects tested were taking drugs aside from vitamins, ferrous sulfate, or laxatives. All subjects tested were Caucasian.
Lymphocyte culture. 12 ml of blood was drawn into a syringe containing 100 U of heparin (The Upjohn Co., Kalamazoo, Mich.) and mixed in the syringe with an equal volume of sterile 0.15 M NaCl. 12 ml of diluted blood was layered over 3 ml of a mixture of Ficoll and sodium diatrizoate (Hypaque) in a 17 X 100 mm plastic tube (Falcon 2030, Falcon Plastics, Los Angeles, Calif.) a technique modified after Boyum (2) . The Ficoll-Hypaque mixture consisted of one part 8%o (wt/vol) Ficoll (Pharmacia Fine Chemicals, Inc., Piscataway, N. J.) mixed with four parts of 50%o Hypaque (Winthrop Laboratories, New York). The density of the mixture was adjusted to 1.078-1.080 with distilled water. The preparation was sterilized by passage through a 0.45 ,um Millipore filter (Millipore Corp., Bedford, Mass.). The tubes containing the FicollHypaque overlaid with blood were centrifuged at 800 g for 20 min at room temperature. The layer of mononuclear cells at the plasma Ficoll-Hypaque interface was removed. suspended in medium RPMI 1,640 with 100 U/ml penicillin, 50 ,ug/ml streptomycin, and fresh glutamine 2 mM (Associated Biomedic Systems, Inc., Buffalo, N. Y.), and centrifuged for 10 min at 180 g. The supernate was discarded and the cells resuspended at a concentration of 2 X 10' lymphocytes/ml in culture medium with 10% heat-inactivated human AB serum screened for atypical antibodies. Identification of membrane iminunoglobulin-bearing and sheep red cell rosette-forming lymphocytes. To isolate lymphocytes, 20 ml of blood was drawn into a syringe containing 1,000 U Heparin, 60 mg carbonyl iron (General Aniline & Film Corp., Easton, Pa.) in 5 ml 6% dextran (Abbott Laboratories, North Chicago, Ill.). After incuba--tion in the syringe for 30 min at 370C, the mixture was layered on top of Ficoll-Hypaque mixture. The cells isolated as described above were resuspended in 1 ml Hank's solution, counted, and adjusted to a concentration of 1 X 10' lymphocytes/ml (90-95% of the cells were small mononuclear lymphocytes).
Preparation of antisera. Antisera to purified human monoclonal proteins were raised in rabbits and absorbed with insoluble immunoadsorbents as described previously (4) . Two of such antisera were pooled to yield an antiserum with specificity for kappa and lambda light and mu and gamma heavy chains. Conjugation of these antibodies with fluorescein isothiocyanate was performed after purification of the gamma globulin fraction (5). The labeled antibody had a fluorescein protein ratio of 2.9 and was used at a protein concentration of 2-3 mg/ml.
Preparation of sheep red cells. Sheep red cells were obtained from Animal Blood Centre, Inc., Syracuse, N. Y. The cells were treated with neuraminidase from Vibrio Cholerae (Behring Diagnostics, Woodbury, N. Y.) to enhance their binding to lymphocytes, as described by Weiner, Bianco, and Nussenzweig (6).
Combined assay for membrane immuinoglobulin-bearing and sheep red cell rosette-forming cells. 0.05 ml of purified lymphocytes containing 0.5 X 106 cells was mixed with 0.05 ml of appropriately diluted fluorescein-conjugated antiserum and incubated for 15 min at room temperature. After two washings, cells were resuspended in 0.5 ml Hank's solution and 0.5 ml of a 0.5%o neuraminidase-treated sheep red cell suspension was added. The cell mixture was incubated for 15 min at 370C in a water bath, centrifuged for 10 min at 200 g at room temperature, and incubated for 15 min on ice. Two-thirds to three-quarters of the supernate was removed and the cell button gently resuspended. the presence of the plant lectins than do lymphocytes from young persons (Table I ).
In the absence of mitogen the difference observed between old and young subjects was not significantly different. However, in the presence of mitogen, thymidine incorporation by lymphocytes from old persons is significantly decreased compared with that by lymphocytes from young persons (Table I) . Thus lymphocytes from old subjects do not respond as well to PHA or PWM as do lymphocytes from young persons.
Mixed lymphocyte reactivity of lymphocytes from old and young subjects. Lymphocytes from old persons in mixed lymphocyte culture are stimulated less by allogeneic lymphocytes than are lymphocyte from young persons (Table II) . The depressed reactivity was evident when the results of mixed lymphocyte cultures were expressed either as the increment in thymidine incorporated or as the stimulation index which is shown in Table II . As stimulator cells, lymphocytes from old and young subjects functioned equally in mixed lymphocyte culture. Thus, the decreased reactivity observed in mixed lymphocyte cultures from old subjects is due to a decreased capacity of lymphocytes from old persons to react to allogeneic cells. This conclusion is supported by the results of 36 reciprocal cultures included in the data in Table II . When lymphocytes from an old and young person were tested, paired as both responder and stimulator cells, reactivity in 84% of these reciprocal comparisons was decreased when lymphocytes from the old subject were used as responder cells.
Effect of serum from old and young persons on the mixed lymphocyte reaction. The preceding study of mixed lymphocyte reactivity employed washed lymphocytes cultured in pooled AB serum and suggested an intrinsic defect in the reactivity of lymphocytes from older subjects. Autologous serum supports lymphocyte transformation in mixed lymphocyte culture better than does pooled AB serum (Table III) . There is, however, no evidence that serum from young persons supports mixed lymphocyte reactivity more effectively than does serum from old subjects. Additional experiments indicated that lymphocytes from old subjects do not react better to allogeneic cells when cultured in serum from young persons and lymphocytes from young persons are not depressed when cultured in serum from old subjects. Thus, no serum factor was found to contribute to the depressed reactivity of lymphocytes from old persons in mixed lymphocyte culture. Optimal conditions for mixed lymphocyte reactivity. Further experiments were designed to exclude the possibility that the depressed reactivity of lymphocytes from older persons to allogeneic cells results from a difference in optimal culture conditions for mixed lymphocyte reaction. These conditions had been established as optimal using lymphocytes from younger subjects. The mixed lymphocyte reaction between lymphocytes from old and young persons was measured after 5, 7, and 9 days in culture (Fig. 1) . The results shown are the mean of an experiment comparing the response of three pairs of old and three pairs of young lymphocyte donors. At each time studied, lymphocytes from young persons responded more actively in mixed lymphocyte culture than lymphocytes from old persons. Other studies showed that maximnal thymidine incorporation by responding lymphocytes from either old or young persons required the same number of stimulator cells (2 X 10').
Distribution of thymus-derived and bone marrow-derived lymphocytes in the blood of old and young subjects. Lymphocytes that respond to allogeneic cells in culture are derived from the thymus gland. The depressed reactivity of lymphocytes from old persons in mixed lymphocyte culture may reflect either a reduced number of thymus-derived lymphocytes or a depressed reactivity of a normal number of these cells. To investigate these alternatives, the percentage of thymus-derived lymphocytes in the peripheral blood obtained by the FicollHypaque purification method was determined. Thymusderived lymphocytes were identified by their capacity to form rosettes with sheep erythrocytes (7). Bone marrowderived lymphocytes were identified by their carrying surface membrane immunoglobulin. There was no significant difference in the distribution of thymus-derived or bone marrow-derived lymphocytes in old or young subjects (Table IV) . Thus, 79-87% of blood lymphocytes from both old and young persons could be identi- (8) and the percentage of thymus-derived lymphocytes in the blood of old and young subjects is identical. The altered reactivity observed probably results from a deficiency or dysfunction of that subset of thymus-derived lymphocytes that respond to foreign histocompatibility antigens. As the number of thymus-derived lymphocytes is maintained in aged subjects it is more likely that a cofactor necessary for the expression of cellular immunity is deficient. Recently, the concentration of thymosin in the blood has been found to decline with age (9) . A low level of thymosin may be related to the impaired reactivity of lymphocytes from old subjects.
Impaired immunologic reactivity has been recognized in aged experimental animals and man. Both cellular and humoral immunity are altered in the aged. Animal studies by Makinodan Perkins, and Chenl (10) have revealed that 100-wk old mice retain only 10% of their humoral response to sheep erythrocytes found in 20-wk old animals. Simonsen (11) Price and Makinodan (16) . Using limiting dilution analysis, these investigators found that the number of splenic immunocompetent units in aged mice was A that found in young animals. Not only was a deficiency of lymphoid elements found but an impairment in "antigen processing" was suggested by the need to raise the immunizing dose of antigen 10-fold to maximally stimulate old mice. In further studies (17) a defect in addition to that found in the splenic lymphoid population was demonstrated by the fact that splenic lymphocytes from young animals were less active when transferred into old as compared with young irradiated syngeneic recipients.
The significance of the waning of immunologic vigor is debated. Burnet (18) and Walford (19) have suggested that age-related immunologic incompetence may be causally related to the aging process itself and the increasing incidence of cancer and so-called, "autoimmune" phenomena with age. These suggestions have been supported by experimental studies. Fabris, Pierpaoli, and Sorkin (20) have shown that the transfer of lymph node lymphocytes from normal Snell-Bagg mice prolongs the life of dwarf Snell-Bagg mice which normally die prematurely. Stjernsward (21) has shown that the resistance of mice to transplanted tumors at various ages is closely correlated with their capacity to respond to sheep erythrocytes. Teller, Stohr, Curlett, Kubisek, and Curtis (22) showed that the decline of immune competence in aging Swiss mice as measured by their capacity to reject skin and tumor grafts was directly correlated with an increasing incidence of spontaneous tumors. The results of our study in man supports the immune surveillance hypothesis. In fact, the tumor-free, aged subjects we studied may have possessed significantly better immune reactivity than patients who had died, developed cancer, or developed autoimmune diseases. Only a prospective study will document whether a depression of immunologic reactivity is a significant risk factor in premature death, or the occurrence of cancer or autoimmune diseases in man.
